Defective excitation-contraction coupling in hearts of rats with congestive heart failure.
We examined the cellular basis for depressed cardiac contractility in rats with congestive heart failure (CHF) secondary to myocardial infarction. Six weeks after ligation of the left coronary artery, CHF was confirmed by haemodynamic measures and echocardiographic demonstration of reduced myocardial contractility in vivo. Papillary muscles from CHF animals developed less force than those from sham operated (SHAM) animals. Cell shortening was measured in isolated ventricular myocytes voltage-clamped with high resistance electrodes. Ca2+ transients were measured in fluo-4 loaded myocytes. Contractions triggered by depolarizing test steps from a post conditioning potential of -70 mV were significantly smaller and had significantly reduced velocity of shortening in CHF compared with SHAM myocytes. However, contractions initiated from -40 mV, were similar in amplitude and velocity of shortening in CHF and SHAM cells. L-type Ca2+ current was not significantly different between CHF and SHAM cells, whether activated from -70 or -40 mV. Therefore, in SHAM cells, excitation-contraction coupling exhibited higher gain when contractions were initiated from negative (-70 mV), as compared with depolarized potentials (-40 mV). However, in CHF myocytes, excitation-contraction coupling gain was selectively depressed with steps from -70 mV. This depression of gain in CHF was not accompanied by a significant reduction in sarcoplasmic reticulum Ca2+ content. Isoproterenol increased Ca2+ transients less in CHF than SHAM myocytes. In this post-infarction model of CHF, the contractile deficit was voltage dependent and the gain of excitation-contraction coupling was selectively depressed for contractions initiated negative to -40 mV.